Abstract. This paper presents the results of the screening investigation of the environmental burden of polycyclic aromatic hydrocarbons (PAHs) in the natural protected areas in non-heating season. Current year spruce needles were used as a bioacummulative indicator. The total exposure at 15 PAHs (2-6 rings) and carcinogenic potential of these compounds were taken as parameters describing the hazard level. Sampling, in a uniform way, was made in the Silesian Voivodeship landscape parks and the selected Polish national parks as well as in the reference sites with characteristic pattern of PAHs emission, namely in industrialized urban areas and near the expressway. The presence of PAHs, including carcinogenic ones, was shown in all the localities; their content in needles sampled in the natural protective areas was slightly diversified and ranged from 145 to 339 ng/g -(d. w.). Higher differences were observed for carcinogenic potential index (CP) which varied from 2.2 to 18.2. The analysis of PAHs profiles has shown that despite the seasonal lack of intensive emissions from domestic heating, in the majority of natural protective areas pyrogenic sources have also been identified. Profiles of PAHs found in Karkonoski and Ojcowski NPs suggest their petrogenic origin probably due to the intensive tourism (emissions from car engines) in those areas.
Introduction
PAHs in ambient air are produced by incomplete combustion of coal, oil, petroleum, wood and plastics. PAHs contain from 2 to 7 rings, while the most toxic of them contain from 4 to 7 rings [1] . The adverse effects of these compounds on human health are connected with metabolic conversion into mutagenic, carcinogenic and teratogenic substances. They easily bond with RNA and DNA and as the result they disrupt the replication processes, which may lead to tumour formation [2] . PAHs with a number of rings ≥ 4 are absorbed on particulate matter in the atmosphere, while PAHs with fewer rings may persist in a gas phase [3] . PAHs are strongly absorbed by organic matter in soil and are unavailable for plant uptake [4] . Therefore, PAH deposition on leaves is a function of their concentration in the air [5] . Thus leaves are a convenient passive sampler for the monitoring PAH content in the air. Particularly the coniferous, including spruce, are good a candidate for PAHs bioindicator due to all-year exposure to air pollutants and chemical structure of needles; their cuticle possesses strong lipophilic properties affecting the accumulation of airborne PAHs [6] [7] [8] [9] . The waxy surface of needles not only traps particulates but it can also intercept vapor phase contaminants [10] . The amount and sorption properties of cuticle also depends on age and time of year (mainly due to ambient temperature) [11] .
The content of PAHs in assimilatory organs increases together with the time of exposure [12, 13] . The leaves collected in winter contain higher amount of PAHs when compared to the ones sampled in spring -summer time. On one hand it is due to a greater deposition of these contaminants on leaf surface resulting from a higher emissions of several pollutants in winter, mainly due to domestic heating [14] and on the other hand due to cumulative properties of leaves surface. Commonly the investigation of PAHs deposit is made using the one-and second-year needles collected in summer and winter time and the PAHs ratios have been used by many authors [18] [19] [20] [21] to identify sources of PAHs.
Monitoring benzo[a]pyrene (BaP) concentration in the air, which has been carried out in Poland in 98 stations in towns across the country, showed that the permissible level of this compound (1 ng/m 3 ) [15] was exceeded in 92 sites. It was also found that concentration of BaP in the air was several times higher in autumn -winter time when compared to the non-heating time [16] . For example in Katowice at annual concentration amounting to 5.1 ng/m 3 , the seasonal values were 8.3 ng/m 3 and 1.1 ng/m 3 , respectively [17] . The primary objective of this study was to assess levels of PAH deposited on the current year spruce needles in non-heating time in the remote areas of national and landscape parks and compare them to the amount and profile of PAHs in needles from town areas and from the vicinity of the expressway. Moreover, the attempt was made to identify sources of PAHs and to determine their carcinogenic potential.
Materials and methods

Sampling sites characterisation
Sampling sites are presented in Figure 1 . Sampling was conducted in September with new growth spruce needles taken from six trees and the averaged samples were analysed. In the protected areas the samples were taken in the middle of the forest. In urban locations, the samples were taken about 2 km from the town centre and about 50 meters from the expressway running through the rural area.
Fig. 1. Location of the study sites (abbreviations
The amount of PAH accumulation in needles was recalculated on the basis of dry needle weight [ng/g d. w.]. Characterisation was based on 2 parameters: the total amount of PAHs deposition within needles and carcinogenic potential (CP) of the PAHs deposit. Index CP was introduced with the following formula, on the basis of Table 1 :
CP=[∑(amount of carcinogenic PAH × %its carcinogenic properties vs BaP)]•100
-1 (1) 
Chemical analysis
10 g of needles from each sample was dried at 30 o C and grounded for the analysis. Organic compounds were extracted from the plant material using dichloromethane. PAHs were separated on florosil and analysed by HPLC (Hewlett Packard HPLC 1050) using a UV (naphtalene, acenaphthene) and fluorescence detector (the rest of PAHs). Identification of the separated compounds was carried out by the comparison of their retention times with the values obtained from a mixture of the Supelco PAH -Mixture 610 -M [4] . All chemicals used were of analytical great.
The following polycyclic aromatic hydrocarbons (PAHs) listed by the United States Environmental Protection Agency (USEPA) and the European Community as priority pollutants were analysed: naphthalene (Naph), acenaphthene (Ace) 
Statistical analysis
A dendrogram was used to determine the similarity in the content of the selected PAHs. Before the analysis was performed, data had been standardized. Dendrogram (distance measure -Euclidean distance, agglomeration method -single bond) was made by STATISTICA (StatSoft, lnc. 2017, ver.13).
Results and Discussion
The results for PAH biomonitoring using current year spruce needles are presented in Tab. 1. In general, as it was expected, the sites located in urban environment (Konin site) and near expressway had higher contamination levels when compared to the remote sites. The maximum concentration of 15 PAHs was found in Konin followed by the expressway (1097 and 687 ng/g (d. w.), respectively). In the national and landscape parks, the total concentration of 15 PAHs in needles ranged from 145 ng/g (d. w.) to 339 ng/g (d. w.) In all sites, with the exception of the Orlich Gniazd LP and Konin where 4 ring PAHs dominated, 2 and 3 rings compound prevailed making above 60% of the total PAHs (Tab. 1, 2, Fig. 2.) . Konin and Orlich Gniazd LP also showed higher content of 5-and 6-rings PAHs than the others. Higher proportions of low molecular weight PAHs (LPAHs -2 and 3 rings) especially Naph in the needles were due to their vapor phase which enables their transportation at wide distances [22] . There are large differences in the percentage of PAHs in the examined areas (Tab. 2). The highest variability of all the analyzed classes was found for 6-ring hydrocarbons (92% relative standard deviation). In the investigated sites all 15 PAHs were detected with the exception of DahA in some sites. Naph, Phen,Flt, Pyr, and Fluo were the most concentrated pollutants. These findings point towards the predominantly traffic-related sources for the semi-volatile PAHs [20, 22, 23] . The highest value of the CP index calculated on the basis of equation (1) was found for Konin site (77.3). High values of the index were also found for Orlich Gniazd LP and the Expressway -18.2 and 11.8, respectively. The average value for CP for all other national and landscape parks amounted to 5.8 (Tab. 1). These values are close to the ones found in some plant species growing in remote sites in Poland (peat bogs). In that research noticeable increases in CP values in autumn and winter months in relation to springsummer time were observed [25] . A dendrogram was used to isolate similar areas in terms of 15 measured PAHs. The greatest similarity was found for the two mountain sites -Żywiec LP and Beskid Śląski LP and Karkonoski NP and Ojcowski NP which are close to the Expressway site. The outlying areas are Konin and Orlich Gniazd Landscape Park. In order to determine the presumed origin of PAHs, two diagnostics of PAH distribution ratios were plotted, as presented in Fig. 4 . The Fluo/(Fluo + Pyr) ratio was selected for source discrimination because it covers the gaseous as well as the particle transported PAH [26] . These two compounds have comparable physical-chemical properties. It is supposed that variations in the ratio will thus be primarily source associated. Unmodified transfer of source-inherited Fluo/Pyr ratios into different matrices had previously been reported [27] . Ratios between 0.40 and 0.50 are more characteristic of liquid fossil fuel (vehicle and crude oil) combustion, whereas ratios >0. 5 (Fig. 4) . Another ratio we used was ΣCOMB/ΣPAH. The ΣCOMB is the sum of concentrations of major non-alkylated PAHs`(Fluo, Pyr, BaA, Chr, BbF, BkF, BaP, IcdP and BghiP) and serves as a PAH indicator of combustion. ΣCOMB/ΣPAH <0.3 indicates petroleum combustion, when at ΣCOMB/ΣPAH >0.7 a pyrogenic origin is likely [19, 23] .
Generally, the needles sampled from our sites were characterized as low ΣCOMB/ΣPAH showing the mixed sources of PAHs. Higher ΣCOMB/ΣPAH ratio at Konin and Orlich Gniazd LP suggest, that these sites were probably under higher influence of the industrial emissions than the others. Our findings confirm the opinion about the limitations of the use of different ratios of PAHs for its source apportionment which perform well only at sites located near major sources [28] .
Conclusions
The use of current year needles exposed for several months in non-heating time to PAHs deposition appears a good tool to assess their inflow and to show a potential hazard due to air pollution, for humans spending time in recreation areas. Carcinogenic potential of PAHs in the air (determined as their deposit on needles) found in the selected natural protected areas in the southern Poland may be regarded as low with the exception of Orlich Gniazd LP. The latter is located in the vicinity of Huta Katowice and industrial works of Olkusz. Nevertheless, the CP index in this site is several times lower than the value found in the industrialized urban area of Konin. Despite the seasonal lack of intensive emissions from domestic heating, PAHs profiles found in the majority of natural protective areas point to the pyrogenic sources. Profiles of PAHs found in Karkonoski and Ojcowski NPs suggest their petrogenic origin probably due to the intensive tourism (emissions from car engines) in those areas. 
